Two FOR ONE:

SIMULTANEOUS X-RAY MEASUREMENTS OF
DISSOLVED GAS AND CAVITATION BUBBLES

nderstanding the dynamics of dissolved gases in fluids is essen-

tial to many scientific and engineering endeavors. Where large

pressure changes exist, cavitation can also occur. Both phenom-
ena cause bubbles to form in fluids, but the two are difficult to distinguish from
one another when scientifically measured. This is particularly important when
trying to understand the extent that a dissolved gas diffuses into cavitation bub-
bles in turbulent flows such as those found in high-pressure nozzles. In this
study, researchers applied x-ray fluorescence (XRF) to determine both the den-
sity of a liquid flow and the concentration of noncondensible gas. Their exper-
iment was performed at the APS with a submerged cylindrical nozzle under
cavitating conditions. With complimentary results obtained earlier from other di-
agnostic techniques, their results further the understanding of gas diffusion
into cavitation bubbles. Information gleaned from this study will improve meth-
ods of design and manufacture to reduce cavitation erosion, which causes ex-
tensive damage to machinery such as control valves, propellers, and pumps.
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At the center of their experiment is
the study of the dynamics of dissolved
gas (any gas that dissolves into another
solute) and cavitation (the formation of
vapor cavities in a fluid when subjected
to tension, typically due to low pres-
sure). The experimenters used a cylin-
drical test nozzle, with dimensions of
0.5-mm diameter and 3.05-mm length,
manufactured from a thermoplastic
polymer called polyether ether ketone
(PEEK). The exit portion of the nozzle
was submerged in liquid during the ex-
periment, while maintained at a con-
stant pressure.

The fluid used in the experiment, a
gasoline surrogate, was doped with 400
ppm of a bromine (Br) additive called
tetrabromomethane (CBr4; also known
as carbon tetrabromide). The dissolved
air in the fluid was removed by de-
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gassing and replaced with krypton (Kr)
gas. The procedure involved evacuat-
ing a storage tank, moving the contents
into a piston accumulator, and pumping
it through a brass orifice to assure the
removal of excess air. The degassed
fluid was then vacuum-stored for sev-
eral hours. Krypton gas was bubbled
through the fluid until an equilibrium
pressure was reached.

Conducting the experiment at the
XSD 7-BM-B beamline, the researchers
from Argonne focused a 15-keV mono-
chromatic x-ray beam using Kirkpatrick-
Baez mirror optics. The beam simulta-
neously excited fluorescent emission
from the Br and Kr components within
the fluid. The emission from the K
edges of Br and Kr were recorded us-
ing a silicon drift diode detector. The in-
coming beam intensity was normalized

using a diamond transmission photodi-
ode. Total displacement of the liquid
was measured from Br fluorescence,
while the mass fraction of both the dis-
solved and nucleated gas was meas-
ured from Kr fluorescence (Fig. 1).

The team corrected for systematic
errors in measurements due to reab-
sorption, intensity calibration, and de-
tector dead-time. Various experimental
uncertainties were also taken into ac-
count. Specifically, the researchers
found uncertainties of 2.4% and 3.6%
associated with projected densities of
the liquid (Br) and gas (Kr) phases be-
fore reabsorption correction, and 4.3%
and 6.4% after iterative reabsorption
correction, respectively. The Kr/Br mass
ratio was measured with an uncertainty
of 8.3%. These analytic measurements
were validated with independent diag-
nostic techniques, such as x-ray radiog-
raphy.

Based on their experiments, the re-
searchers concluded that many of the
voids found exiting the nozzle are due
not only to cavitation vapor. Instead,
they discovered that these voids were
also partially filled with nucleated gas.
Ultimately, the expansion of dissolved
gas into the voids formed by cavitation
act to stabilize the bubbles and prevent
them collapsing.

The information collected from this
experiment will help in the many fields
relevant to the fluid-flow dynamics of
dissolved gas and cavitation. For in-
stance, hydraulic oil can be adversely
affected by the precipitation of gas bub-
bles, as can the presence of gas bub-
bles within nozzles used in high-pres-
sure, direct fuel-injection systems found
within internal combustion engines. In
such cases, quantitative measure-
ments, like the ones produced in this
study with XRF, can help to minimize
such serious problems.

— Wiilliam Arthur Atkins
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“lonic” cont’d. from page 76
APS suggest the RTIL’s layered struc-
ture has two stable states—one when
the electrode’s potential is positive, the
other when the electrode potential is
negative. The results suggest that these
two stable states are separated by an
energy barrier, which has a size of ap-
proximately 0.15 eV. This energy barrier
is sufficiently large that it takes time
(and energy) for the ions to cross over
it, leading to the observed hysteresis.
The team also noted intermediate
states — mixed patches of anion and
cations— while the potential applied to
the graphene surface changed. The
team members from Vanderbilt created
a computer model that successfully re-
produced those intermediate states,
confirming that the researchers under-
stood mathematically what is going on.

The next step will be to figure out
what is happening in various RTILs.
Specifically, the researchers want to
know how the physical structure of the
molecules in the RTIL contributes to the
hysteresis. If the researchers can un-
derstand that, they can design RTILs
with molecular properties that cause as
little hysteresis as possible.

— Kim Krieger
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The researchers from the Univer-
sity of Leeds (UK), SLAC National Ac-
celerator Laboratory, DESY (Germany),
University College London (UK), and
Argonne also observed a most unex-
pected result. Each crystal contained a
single dislocation loop that occupied
exactly the same position within all of
the sample crystals. The loop forms to
relieve the stress field present at the
crystal/substrate interface, where this
strain increases as the crystal's volume
increases. When stored elastic energy
exceeds the energy needed to make a
dislocation loop, then a dislocation
grows to relieve the stress.

This dislocation loop has a different
geometry from the “misfit dislocations”
frequently observed in epitaxial inor-
ganic heterostructures. In “classic” mis-
fit dislocations, the apex of the loop is
located at the interfaces between the
substrate and overlayer. It has edge
character parallel to the interface,
which reduces the strain that occurs in
the crystal overlayer because of the dif-
ferences in lattice structure between
the substrate and overgrowth crystal.

The dislocation loop formed in the
studied organic/inorganic heterostruc-
ture system must therefore form by a
different mechanism. The team con-
tends that the loop arises from two ef-
fects: internal stress due to interfacial
defects and the nanoscale roughness

of the substrate, where the nanoscale
roughness of the substrate is the domi-
nant factor.

This research provides new infor-
mation about the factors that govern
crystallization on organic substrates. It
contributes important knowledge about
stress relaxation and dislocation forma-
tion during epitaxial crystal growth, and
demonstrates that the roughness of the
substrate—whether organic or inor-
ganic—should be considered when
controlling defects and interfacial strain
during epitaxial crystal growth.

— William Arthur Atkins
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